B A TARIL AR

44 R Has H R 2019.5.7 ZERHE | 2019.5.13

1. FEAESSitE

1.1 HARES

e] 52 22 % i A B )16 3. PDE-Net: Learning PDEs from Data, 2% >J 9177
5, AU LT level-set 347 5ot

e 34T B iR B 18 30 In Situ Video Encoding of Floating-Point Volume Data
Using Special-Purpose Hardware for a Posteriori Rendering and Analysis, A2 J&SE
PR W S B R

2. FEATEME

2.1 SpIRHE

AR ITAE
—. H#r: i PDE-net % >J Level Set

IEAE A B 2 R, 45 R F AT R B

. WIFEE: In Situ Video Encoding of Floating-Point Volume Data Using
Special-Purpose Hardware for a Posteriori Rendering and Analysis

I TG AR Ve SR

In Situ Video Encoding of Floating-Point Volume Data Using
Special-Purpose Hardware for a Posteriori Rendering and Analysis
Nick Leaf, Bob Miller and Kuan-Liu Ma

i 2



AT AEAEAT 1/0 Al SEBR M, B2 SR AR TS B R (1 — i o). A
AT AR SR UM T i s (O P i, (B A e 4308 3 7 155 S 2% AT SEEIL A I
A LL 2 IAIEAT U . IXRWILE GPU LA & P ARl B A A1 R 4T T 4 22 A A 1 0
HYEHAT, A GPU FL&A MBI HAHLA Titan e A I AR AR, A
g FoVE LA 8 15 Bt B 2 (R, DUEREAT SR IE G 0t o RIS 0 e 8L, i
TR AR AEAE, Shdid v LS I AT AT AT TS AR . fem, BRATHEM 1787
PR, X RGO AR B A5 A A7 P RS A AR, DRI LA 75 e 88 s 4 P A 30 £
FEREAL b

1. fr4H

Ken Batcher “-FFEuE UL, “HEI T ML — Mok v AR IR 7] A% 4k 9 1/0 AR PR 1n] )
W R R RIEhn 7 5 8RR shAH S Bk k. BN I [R) 22 R B B
SHA BRI REBL LA AT R R T, 05 B A7 B I TR) 22 B 75 1R B 5 e B 400 B2 A 8 K5
Wi AR R 221 X (burst buffer) Z FEHIBIRNER 1 IX L8 8, (HiA ek, W 1%
W7 SRR LA R — A2 5 R A b, MR mE A5 . X3
Wribr 221, S i JE B (post-hoc) i 48 (time-varying) Fl A4K, 7 BE 7€ 4= % K fa i 20 2 [
15 oy H 30 1) B AR

JRAE(in situ) SR MR UK LS 1/0 BRI 7 AT VRS A S BdE i B 5
Z AT AR AN RS AT A AT AL . BT TR T DA SR A%, AT BEAR T F 4 H
B E B A SRS AT . SR, A SRR RSS2 i) TS B0 A e @ . AR A SR AL R
WAZRHERTHEE o JRAL AT I8 5 AT LASEI AR, (H 2 Ji 22 37 B[R] 28 i 25 SRS 2 Sk 2R
B, A, BN TIEA R RN, Ea e R /0 W TE, BTN RS
XN B o

JRASE R 48 A i D S B8 R ) R ) — B T v R4 T RN 5 BAG SR AL 43 AT FE PP AL 14T
TEANR . R THEARPREE . M, /e fE 3 )G (post hoc)ig AT 1), AT LMRYE 7 2 E ¥z
ATFIVAEE o v 0 R 4 mT DA 35 b /D 1 T 5 B B B TR) 28 1T P2 AR ) 1/0 e g . SR,
JRAGFEA TG ERY, VR RS A B R 4 AR B I S oK. [FIRE, R AERTA I R 4
TIEAS RIS T — AR A R b T R O — AR — 4R s, mr
RE S 4R = BRI TR

PATHTE 1 FAR A G B 58 A2 7 AR I 6 [ 0 R S o A AT G B A Sy — 4+ )R] 2
W, JERIEA R = 4eR R . ISR TR AR &, (HETF 21BN T, B2l
LI TSR SRR . K2 8050 GPU # i, B HEAGM IS [E 5 528 % ) Titan
BT EALH R GPU. FEIRATHTEN, HATIEEA 1 Titan b8 FH AT S A A A4 7 150
H, FeERT MR REBSTERE. BT GPU MAgwiS kAL HAELE E, Fit
RIS T GPU BRI S ARt AT DLS dmbd AT AT, ISATI S2ma R /e AT A AL
G TR AT EAL AR S S A A DL R AT

159K 32 17 % AUEH e e AT R T 75 1 YUV A% S e 4 5 kA
2.5 R Y4 5 2 B00) f H R B R OR /NS IR R 9
3% HPGMG-CUDA[27 W #ESE B SR AL RGN 7, 1k Pl g /N e 44 %oF 3 AT IS R] 5200
4.5} 5 J5 (post hoc) A . (1)1 A5 (timing) BIF 78, FH Tk B 4y tH iy ] R 42
BAT AT ZE G I VPAl TR, RRUGERIZ AT P3N 40 28, BIREHLTIE
itk 100:1, FF H A R %R IR H R &




2 MR TAE

WEMRANRCETIN T R IUIEDE 7%, DMELE ECARE 20T S5 e 1 58 - th b 2
1A%0HE(3,4,9,17,26,31,35] . FHARI /7%, BN Ibaba S8 AN EEII 75 . 00T 58 SR
PEFRINJ7%, 40 Lorenzo TN &5 (141 A1 /B A AR [15) 03X FEH A T A4S 1 AT 4 He
i — A EER R, FoveA ] Ui %M out-of-core) B AR SLHL, AT ikE S T K&
I A4

BOFTIRAARRUESE /1%, W Fout Al Mal[121FT /4RI 718, TR k28 al Lk AT 79
fE, AR T 2R T BRI -, BaE NGRS V2 HAR R ik
BHE 0 R 1/0 FIAEAE KN teAh, TERT T GPU b B3 T AL I e s 247 1A i e 2
—FHAR T AT EOR , Rodriguez S8 A [S10) &Rl G 50400 (1) ) Lk He 24 25 AR B van il 7 vk e AS
[F] (R PRFE A FE AR e R AT T 2518 .

FIRFEARGEATH TAEJCHA I, FAEATHET W 48 7 (pipeline) 5 A4 4+ A
HORT A BRI, X PR EOR RSB 2 AT P R AT TAE M 2 Ehl. (B2, &
PLERERAE, BRI E HAD T, s T WA EIAR[16]. 43T R 46 77 1[8N
Shafaat[30] 5| A1) H i& N AH A (coarsening)Fi AR . 7F B B AR A X 38 B & NoAH AL E s, |
AT IR B 2 2R TR S B AT I, AT DA 35 PR 7R oKk . 2R, FRATTEE BN R
FEAERAUI (in simulation time) (R FFECHE B 58 R 70

VI 2 A PR TT AR Fa2 AT H), BUEANER TR EFFAT IR, Aok
BEAHENE S . Wang S5[3310048 T PIFIMER GPU /& &80t 47 He i 17 s EIH s 1 T4
Tiik. EEMEGEIHENL R RE BRI B SR R 4e Hul KE 2%, AREAE GPU _E5K
I 4, DRI RR ZE 5 A BBl CPU MIEAT i R 4, X 2 BHAS He 4 5040 () S B
Rlit, —SfR R R da e A2 L T D E R & oh (11,201 AL, B2 J795RT Ligg
B R R AL P RS, AR R (block)BEER. B i&E N 417 225 (level-of-detail). 64k
g FHOREE6].

Gamito £ Dias 5 A 51X FH MG T 46 77 VAR U BOR AT 9 (1313047 THRZE . Al
RZE T1HH Jpeg 2000 T EE 10 B4 IR 4as mEHE 77, IHERBIFF R S8 (o
nan) WAATERMALEE, RN BATTS BT A A IR S . Usevitch[32]3@ id $& Hi X &3
51 Jpeg 2000 JE 45 FI A7 kY X I TAE . X LR FE N SRR, BARTR B Al
FEEAARXS AT R4, (HEMRRB IR ME S AT (A RRIR I 46 .

— LGN AR, IS e T s B SRR . AN RERERZ T 1 R e T ik
AERIAEE5]. XA —AET AR, ACBRVE RS R 4 I BOR CR v 2 RN IR R
T, WU Engelson %5 A [10]. Lindstrom #lI Isenburg[21]30 /) T2 5yixX S8 502 (13 B A0,
et 7 IX B EEAEISAT IS T AN AT 4252 B R AT SEIRT B3 R 1 [25] 0 %I+ RS BE T
REAEA R HTEDL, Burtscher 3 & 1 IX B84 AR LA 250 SR 0URS B2 R (7] F T OB 1)
GPU T SR gmiY, & ] DRSS T iigmty, &L Rk D= A8
I E4a L. EER, BARZ AR T/ERE GPU IR EdE 23], (HIX I TAEAE K &
GPGPU AR, TMIAZIRATEE UL & 1 e L LA A A [34] o

BE & B ITVERY R, AT AR AN EE BT A R RSP ARG, 2T
R T FAN [F) 2 B ER A8 1) He A6 15 AN 7 2% 11 2% (preconditioner) [19.28] . RIS ZE 48/ (AR
T, Yeo[36]FH Schneider[291HH AR | 7E K AT RVH FEMR T 46 185 B0 T 0 4 AR AR B i i3: 47
A T e R . AT, AR 4 77, FRATRT EURI A2 w] A
FA) i e R A D S A P B3R R R R (241 K B 25 7 i e I 1) — S8 e, [RIES SR VP Xg 300
B BB G AT B/ NI, PR EATTRT BAGA S5 FH A e 46 P A0 0 A 540



WFTEN GUL ARSI 45 77753 e BRI AR 04, 4 Ko 55 A [18]. Ko W MUATE 4 75 1%
RS 3D M, FEEEHE T AR I An EE AR R AR G, SRR T A )
(level-of-detail) Fl1 MR [X 35k (ROI)IEFE o
3. B

RGN TG i D 25 X I AR BRI, EE ) — 28 o T8 0 S R dRe 45
oM. HEvss WA id 772 H.264 F1 H.265 (XK ALMgmtY (AVC)
AE RS (HEVC)) JAR A3 FAH A I gm b Az . H.265 752258 5 4= (1) dm il AR ALY ,
AAE—F LR (RIS RN R AR AR & RSO Rl PR I gm s ini fE an i1 1
TNe HEWrEL, TR, RN AN BL,  H TRE S R NS A i
PG R AR, A @A AL A ) — 5

H.264/H.265 Standard Pipeline
]

Float Floal‘ Prediction Transform Quantization &l nary — Bitstream
Data Conversion Encoding

Lossy

Lossl

Figure 1: encoding pipeline. The float conversion stage converts the floats into a suitable YUV format. The remainder of the pipeline is
unmodified. The prediction and binary encoding stages are both lossless. The rransform stage imposes some loss due to conversion to
frequency space. Quantization reduces the data range of the residual according to the user-specified QP parameter. The degree of loss from
Float conversion depends on the chosen conversion method.
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Thread,: | Solve, Solve, Solve, Solve,
Thread,: Enc, Enc, Enc,, Enc,,

Figure 2: solve and encode overlap. The computation is broken into three parts: Solve, Convert (C), and Encode (Enc). Convert,, takes place
within a lock section, and marks a dirty bit when it finishes. Encode,, an Solve,, | can both start immediately afterwards. Encode,, waits for the
lock, and for the dirty bit to be marked. Encode, takes place within the lock, and clears the dirty bit before exit. Convert will wait for the
previous Encode to finish before overwriting the converted volume, but this was not observed in practice.
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Figure 8: an example of unpredictable PSNR behavior. The PSNR
for the Argon Bubble data using ins8 varies wildly for QP values
above 30. Based on examination of the qualitative results, the outlier
PSNR values near the end of the range are certainly not indicative
of higher quality. This highlights the limitations of the use of PSNR
as a quantitative metric for encoding floating point data.

(a) raw int32 (b) raw int 16 (c) raw imt8 (d) compressed inr& (e) compressed int! 6interleaved

Figure 6: Argon Bubble conversion comparison. (a), (b), and (c) were taken after conversion to integer and directly back. with no encoding. (d)
is int8 encoded with QP=15 using libx264. Encoding higher precisions offer the same or, in some cases, worse visual quality. (e) shows the
results using interleaving, which places alternating bits in order into the Y and U bytes. Note the significant visual noise from artificial high
frequencies.
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(a) Argon Bubble (b) JHTDB QCR (c) Marschner-Lobb (d) NCAR Plume (e) Supernova (f) Visible Female

Figure 3: ground truth images. Five real and one synthetic (Marschner-Lobb [22]) datasets were used. These images show the original,
unmodified data visualized directly with a hand-made transfer function. The exact same transfer function was also used to visualize the data
after encoding and decoding.
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Figure 4: compressibility of components. Each byte of the 32-bit
output was compressed independently using 1ibx264 with a QP of
0. The resulting file sizes are shown as a percentage of the size of
the original data. The values were separated by float component
in Fig. 4a, and by byte after conversion to integer in Fig. 4b. Any
results above 25% indicate compressed components that were larger
than the original data For most datasets, the two least significant
bytes are effectively incompressible using video encoding.
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Figure 5: PSNR for different conversion methods. Fig. 5a shows
the PSNR from converting to the given integer format without any
encoding. Each byte of precision sacrificed results in a regular,
predictable drop in PSNRE. With encoding Fig. 5b, however, the
PSNR is relatively flat across all precisions. Since video encoding
handles each byte independently, any loss in the most significant
byte dominate the output, effectively capping the PSNR.
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Figure 7: effect of varying QP on Supernova. PSNR values remain relatively flat until around QP=25, but fall afterwards. Compression ratios
mostly grow exponentially throughout (the abnormalities with NVENC encoders are discussed in Sect. 5.1.3). The qualitative results using
the NVENC H.264 encoder show slight artifacts at QP=20 which become pronounced by QP=30. The QP behavior suggest a QP of 15 as a
baseline value for NVENC H.264.
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Figure 9: compression ratio using varying block sizes. The volume
was divided into even size 323 to 5127 blocks, and each block was
converted (int8), encoded, and output separately. Smaller block
sizes drastically reduce compression ratios—there is a factor of 25
difference in compression ratio between 323 and 5123 blocks for the
1libx264 encoder. Data is missing where the given encoder failed to
encode the given block size.
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Figure 10: weak scaling performance with and without in situ en-
coding in Degrees of Freedom (DOF) per second. Since encoding
runs in parallel with the next iteration step and does not require any
CUDA resources, it has a marginal overall impact on performance.
Conversion (using int8) requires write-protected access to the data,
but takes very little time.
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Figure 11: weak scaling comparison of load times for raw and P‘quf‘e\! i NJ&‘L ‘w“w o d\@n\a‘w
encoded volume data. The measured time encapsulates both the load “‘
from disk into memory and, in the case of encoded data, decoding Figure 12: compression ratios at using int8 at QP=15. There is
and conversion to floating point data. Each MPI rank handles a significant variability in compression ratios across datasets. This
single 512% block, which can all be decoded in parallel, making the is Lo be expected, as the degree of compressibility is dependent on
decode time constant for all numbers of nodes. Load times for small the data. The Supernova data, encoded using the NVENC H.264
machine sizes are dominated by the per-block decode time, while encoder, is the only data-encoder combination with a compression
the cost of loading raw data dominates for a larger number of nodes. ratio less than 100:1.
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